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AB A heat-resistant and durable wet friction material for an automatic 

transmission is' prepd. from' silane coupling agent-treated paper contg. 
cellulose fibers and rock wool. Thus, a base sheet comprising rock wool 
30, pulp 20, and diatomite 20 parts was treated with 1% silane coupling 
agent in MeOH, dried at 100. degree, for 30 min, impregnated with 30 parts 
phenolic resin, precured at 160. degree, for 40 min, and pressed with an 
adhesive-coated metal core at 170. degree, for 10 min to give a friction 
material. 

ST pulp friction material automatic transmission; silane treatment pulp 

friction material; kieselguhr pulp friction material; mineral wool pulp 
friction material 
IT Pulp, cellulose 

(mineral wool-contg . treated, with silane coupling agent, for wet 
friction materials in transmissions, heat-resistant, durable) 
IT Kieselguhr 

RL: USES (Uses) 

(pulp contg. mineral wool and, treated with silane coupling agents, for 
wet friction materials in transmissions) 
IT Mineral wool 

(pulp contg., treated with silane coupling agents, for wet friction 

materials in transmissions, heat-resistant, durable) 
IT Coupling agents' 

(silanes, pulp contg. mineral wool treated with, for wet friction 

materials in automatic transmissions) 
IT Friction materials 

(wet, for automatic transmissions, pulp contg. mineral wool as, silane 

coupling agent treatment in manuf. of) 
IT Transmissions ♦ 

(automatic, wet friction materials for, pulp contg. mineral wool as, 

silane coupling agent treatment in manuf. of) 
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TI Wet type friction material used in automatic gear boxes - obtd. by surface 
treating paper base, material, contg. rock wool, cellulose fibre and 
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AB JP 59080539 A UPAB: 19930925 

Material is obtd. by subjecting a paper base, contg. 5-50 pts . wt . rock 
wool and 20-50 pts. wt. cellulose fibres (per 100 pts. wt. paper base), 
together with powdered filler (e.g. red iron oxide, CaC03, MgC03, clay, 
silica, rubber dust, cashew dust, etc.), to a surface treatment using a 
0.1-10% soln. 6'f a silane coupling agent {e.g. vinyl trichlorosilane, 
N-gamma- (aminoethyl ) -gamma-aminopropyltri-methoxysilane, 

N-gamma- (aminoethyl ) -gamma-aminopropylmethyl-dimethoxysilane, etc.) in a 

solvent (e.g. methanol, ethanol, water, toluene, etc.). 

The friction material has good wear resistance and heat resistance 

and durability to stroking test. 
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AB PURPOSE: To eliminate fluff and to enhance durability in a friction 

material by surface-treating said friction material by means of silane 

coupling agent, thereby strongly combining rock wool, cellulose fibers, 

and bonding agent. 

CONSTITUTION: A silane coupling agent consists of an amino silane such as 
an N-.nu., .nu, -amino propyl trimethoxyl ■ silane that is most reactive 
against phenol resin. When the coupling agent is used, it is dissolved in 
a suitable solvent such as metanol to the prescribed concentration of 
solid content. It is an effective method to dip a sheet of paper-base in 
the agent. Dipping of short time, is good enough. The said paper-base 
should contain rock wool and pulp, and it is added with a suitable amount 
of powder filler. The said rock wool should be artificial non-crystal, 
inorganic fiber. The powder filler is combined to mainly improve the 
coefficient of friction. Inorganic filler includes red oxide etc. while 
organic filler includes organic cashew dust etc. Thus, the durability of a 
friction material can be enhanced by providing an additional process in 
which the agent is impregnated with the silane coupling agent. 
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Specification /_259 * 

1. Name of this Invention 

Wet type Friction Material 

2. Claims 

Wet type friction material with the following characteristic: 
With a wet type friction material used as a part of automatic 

speed change gear of a vehicle, 

the paper base used as a substrate contains at least cellulose 

fiber and rock wool, where the paper base is surface-treated using 

a silane coupling agent. 

3. Detailed Explanation of this Invention 
[Industrial Field] 

This invention pertains to a wet type friction material (from 
here, the term "friction material" is used) used as a part of 
automatic speed change gear for vehicle, which is operated in oil. 

This type of friction material is conventionally comprised of 
cellulose fiber (pulp) used as a substrate filled with powder 
filler. The material is known as an effective friction agent, as 
it has a high friction coefficient to produce excellent friction 
capacity and does not cause between-layer peeling of the firction 
material due to high entanglement of substrate. Also, the low 

* Numbers in the margin indicate pagination in the foreign text. 
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production cost allows this material to be the most commonly used 
friction material of this kind. However, since the substrate is 
made of pulp, high heat resistance cannot be provided. Therefore, 
partial burning occurs due to the heat generated during friction to 
cause rough surface. When such phenomenon occurs, the wear of 
friction material is accelerated to reduce the friction 
coefficient. That is, the problem with this material is its 
insufficient durability. To improve the heat resistance of the 
material, the industry has developed various methods. Among such 
methods, one practically utilized technique mixes 5-20 portions 
of asbestos fiber per 100 weight portions (from here, "portions" 
designate weight portions) per total entire friction material as an 
auxiliary substrate material of the cellulose fiber. Since the 
friction material containing such asbestos fiber can significantly 
improve the heat resistance compared with the material made of 
cellulose fiber alone, the problem can be almost completely solved. 
However, in recent years, the problems of asbestos to human body 
have been discovered, and the use of asbestos is highly questioned, 
as asbestos was found to cause cancers according to animal 
experiments using guinea pigs. Also, the initial friction 
coefficient of such friction material containing asbestos fiber is 
as low as that of the conventional friction material consisting of 
pulp fiber alone. Although glass fiber and carbon fiber are used /260 
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as replacement of asbestos, the friction coefficient of such 
materials is too low for practical use. 

To solve such problems, the developers of this invention 
reported a friction material containing rock wool used as an 
auxiliary substrate (Patent No. 57-73808) . Compared with the 
friction material containing asbestos which was said to be the best 
available friction material, this friction material was proven to 
be highly effective according to the rotation friction test (i.e., 
the friction material was engaged with the rotating rotor at a 
ratio of once per 30 seconds, sufficiently simulating the actual 
automobile use.) The effectiveness of this material containing 
rock wool was confirmed by the sufficient resistance against heat 
generated during the engagement of the rotor and friction material. 

However, with further research, the durability of the friction 
material containing such rock wool was found inferior to the 
material containing asbestos according to the stroking tests. Such 
stroking test measures the number of peeled friction materials when 
the friction material was engaged at every 30 seconds without 
rotating the rotor for evaluating the durability. With further 
investigation, compared with the pulp and asbestos fiber, rock wool 
was found low in scuffing. As low scuffing of fiber causes 
insufficient fiber tangling, bonding with resin (bonding agent) 
becomes weak, resulting in easy peeling during stroking tests. 
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The purpose of this invention is to provide a friction 
material that can provide excellent durability during stroking 
tests. Such purpose can be achieved by the method described in the 
claim of this invention. 

This invention solves the low scuffing problem by surface 
treating the friction material with a silane coupling material to 
strongly bond the rock wool (inorganic material) and bonding agent 
(organic material) , such as cellulose fiber and bonding agent 
fiber. 

Said silane coupling agent is an organic simple monomer having 
at least two different reaction groups in molecule. One of such 
reaction groups is a reaction group {e.g., methoxy group, ethoxy 
group, and silanol gorup) chemically bonding to a non organic 
material, whereas the other reaction group (e.g., vinyl group, 
epoxy group, metha- acrylic group, amino group, and mercaputo group) 
chemically bonding to an organic material (various synthetic 
resins) . 

That is, silane coupling agent can improve the chemical 
bonding characteristic against an organic and inorganic materials. 

Practical examples of such silane coupling agents are vinyl 
trichloro silane, vinyl tri ethoxy silane, vinyl tris ((B-methoxy 
ethyoxy) silane, y-glycidexy propyl trimethoxy silane, y-, metha- 
acryloxy propyl trimethoxy silane, N-P (aminoethyl) y-aminopropyl 
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methyl dimethoxy silane, y-^^inopropyl triethoxy silane, and vinyl 
tris {t-propyl peroxy) silane. 

The most effective materials among such substances when used 
in this invention are N-y (aminoethyl) y-amino propyl trimethoxy 
silane and N-y (aminoethyl) y-aminopropyl methyl dimethoxy silane 
which have the highest reactivity with phenol resins (bonding 
agent) . 

To mix such silane coupling agent, a specific solid substance 
concentration (e.g., 0.1 - 10%) of silane coupling agent is added 
to an applicable solvent, such as methanol, ethanol, water, toluene 
and/or acetic acid ethyl. 

Furthermore, the most effective method is to soaking and 
impregnating a paper base in the solution prepared by dissolving 
the silane coupling agent in a solvent, where the soaking duration 
can be fairly short (e.g., 1 minute or less). 

Such paper base contains at least rock wool and pulp with 7261 
various conventional powder fillers. 

The preferred composition ratio of such paper base is 5 - 50 
portions of rock wool and 20 - 50 portions of pulp per 100 portions 
of paper base with the residual amount of powder filler. 

Rock wool is a non-crystal artificial inorganic fiber prepared 
by blowing/scattering various ores melted at high temperatures with 
centrifugation or compression to form thin fibers. This rock wool, 
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which is non-combustible and provides a high insulation 
characteristic and sound-absorption effect, is mainly used as a 
building material. 

Said powder filler is used to improve the friction 
coefficient, as this type of friction material is used in oil. In 
some cases, the filler is also used to satisfy the required quality 
of various friction materials for intentionally increasing the 
friction coefficient. 

Such filler may be inorganic or organic material. Examples of 
inorganic materials are red iron oxide, calcium carbonate, 
magnesium carbonate, barium sulfuric acid, clay, silica, black 
lead, and diatomaceous . When a large size of such inorganic 
substance may cause abrasion to the applied material, the particle 
diameter should be 50 \im or less. Also, examples of organic 
substance are organic cashew dust, rubber dust, and wood powder. 

As the production method of the friction material based on 
this invention, any conventional technique may be used by adding 
the silane coupling agent soaking process. An example of such 
method is that a paper base is prepared by mixing/pulping rock 
wool, pulp and powder filler agent, soaked in a coupling solution, 
and dried. The dried material is died, soaked in a bonding agent, 
blow-dried, pre-cured in a drying oven, pressure-heated/molded with 
a core metal pre-coated with an adhesive agent, after-cure 

7 



processed, cooled, and finished. 

(Operational examples 1, 2 and comparison examples 1, 2) 





Operational 
Example 1 


Operational 
Example 2 


Comparison 
Example 1 


Comparison 
Example 2 


Rock Wool 


30 {portions} 


35 (portions) 


30 (portions) 




Pulp 


20 


25 


20 


40 (portions) 


Diatomaceous 


20 


20 


20 


20 


Asbestos fiber 








15 


Phenol resin 


30 


30 


30 


25 



All the compositions except phenol type resin described in the 
table were mixed and pulped, punched to form a specific shape, 
soaked in a coupling agent methanol solution (solid substance 
concentration =1%) to impregnate /adhere the coupling agent in the 
paper base, and dried for 30 minutes at lOO^C. Note that the 
materials prepared in the comparison examples were not treated by 
the impregnating/adhesion process. After the prepared paper base 
was soaked in a tank containing a solvent including preadjusted 
phenol type resin, the soaked material was blow-dried for 20 
minutes at approximately 50°C; and pre-cured in a drying oven 
{approximately 160 ^C) for 40 minutes. Then, the dried material was 
treated by an after-cure process with a core metal coated with an 
adhesive agent for 10 minutes at 170°C and finished, thereby 
producing friction parts. 

Single part test results of each friction material obtained in 
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each example are shown in Fig. 1. Also, Fig. 2 shows the test 
results of stroking evaluations. 
Conditions of single part test: 

Inertia moment =2.5 Kg/cm/sec^ 

Load = 313 Kg. 

Rotational count = 3,600 rpm 

Oil temperature = 120°C 
Conditions of stroking test: 

Oil pressure = 16 Kg/cm^ 

Cycle time = 30 sec. 

Oil temperature = 120°C 
Tor-con oil was used as the testing oil. 

As shown with the results in Figs. 1 and 2, the materials 
based on this invention could exhibit drastically improved 
durability in the single part tests and stroking tests, indication 
their excellent heat resistance and durability. 
4. Simple Explanations of Figures 

Figure 1 is a graph showing the single part test results, 
exhibiting the relation between the motion friction coefficient 7262 
and cycle count. Figure 2 is a graph showing the results of 
stroking tests, exhibiting the durability of each tested material. 
In both figures, operational examples 1, 2 and comparison examples 
1, 2 are respectively designated by -o-, -a-, and -a-. 
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Figure 1 

Key: 1) Motion friction coefficient; 2) Testing rotation (times); 3) 
Peeling occurred. 
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Figure 2 

Key: 1) Durability count; 2) Operational example; 3) Comparison 
example . 
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